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Probing the early Universe and cosmology by detecting
gravitational waves

Department of Physics., University of Maryland
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- . : dark age

L]
— free-streaming at el
- streaming at i .
e What can we probe by detecting
— streaming since end of inflation . e i
primorchal GWs?
— Universe equation of state
— end of inflation
— phase transitions
Very cosmological probes

cosmic strings
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lensor power spectrum: A

GW energy spectrum: !

of production mechamism

£ ]
e Features determining typical GW frequencies: the
i.e. the redshift from the production

which 1s model dependent, and the

during RD or MD era

with frequency

Suppose a graviton is produced at time
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e Independent on nflation L
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e Dependent on observed scalar ’ nflatior: primordial tensors
spectrum and general relativity \
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where = p Is the equation-of-state and = 25T
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— Highly non-thermal phase during which inflaton pumps energy to coupled-field

momentum modes

Iransient density inhomogeneities = GW production

he GW spectrum peaks at a frequency fixed by energy scale at the end of inflation
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Chaotic inflation Hybrid inflation (.5 = " /1)

Lniaranx et al

L ﬁhﬁ“ 1 e "High” inflaton velocity
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e EW phase transition will be probed at LHC. It depends on H!'_:_{_';_"m sector
e New models of EW symmetry-breaking recently proposed
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e EW phase transition will be probed at LHC. It depends on H’.‘_i_'-T“h sector

e New models of EW symmetry-breaking recently proposed
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e EW phase transition will be probed at LHC. It depends on Higgs sector

e New models of EW symmetry-breaking recently proposed
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e Cosmic strings have large tension (mass-per-unit length) ., e.g.. if formed at GUT

sCdle

10—z cm: they oscillate relativistically and emit GWs [Vilen

" 1 T -
= 6 N =

e Small loops (smaller than Hubble radius) oscillate, emut GWs and disappear, but are

replaced by small loops broken off very long loops (longer than Hubble radius)

ydius — OS¢ n period (T

Juadrupole moment

Loop radiates with power:
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l'he stochastic ensemble of GWs from network of oscillating loops i1s strongly non

Gaussian and include occasional, sharp GW bursts emanating from cusps and kinks
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Current and future upper limits with LIGOs
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e Ubservation of gravitational radiation from inspiraling binary provides a self-calibrated

wbsolute distance determimnation to the source
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More robust predictions for loop size distribution in string networks are needed
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e Ubservation of gravitational radiation from inspiraling binary provides a selt-calibrated

wbsolute distance determimmation to the source
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e Ubservation of gravitational radiation from inspiraling binary provides a self-calibrated

ibsolute distance determimmation to the source
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e Ubservation of gravitational radiation from inspiraling binary provides a selt-calibrated

ibsolute distance determimnation to the source
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e | heories with extra dumensions:
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Gravity modifications may contain
a new length scale H_. beyond which

gravity deviates from GR

— At distances R _ gravity s in

extra dimensions
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e Scalar-tensor theories: phasing modified by GW dipole radiation
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Current direct-detection experiments, such as LIGOs. have approached the BEN
bound and have started exploring interesting regions of parameter space.

Possibility of constraining (or detecting) the presence of a «//'f energy component
prior to BBN.

If CMB experiments detect a non-zero r = upper bound on 1 during dark age.

of cosmic (super)strings from observations.

Compact binaries as standard sirens = tests of gravity and cosmology.
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